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INSTRUCTIONS Each of the questions or incomplete statements that follows is 
comprised of four suggested responses. Select the best answer or completion statement in each case.* 



1 . What is the molarity of a solution that 
contains 1 8.7 g of KC1 in 500 mL? 

A. 0.1 

B. 0.5 

C. 1.0 

D. 5.0 

2. A calcium standard solution contains 10 
mg/dL of calcium. What is its concentra- 
tion in millimoles per liter? 

A. 2.5mmol/L 

B. 5.0mmol/L 

C. 7.5mmol/L 

D. lO.Ommol/L 

3. How much NaCl is needed to prepare 100 
mL of a standard solution of concentration 
135mEq/LofNa? 

A. 0.31 g 

B. 0.79 g 

C. 1.2 g 

D. 1.8 g 



How much 95% alcohol is required to 
prepare 5 L of 70% alcohol? 

A. 2.4 L 

B. 3.5 L 

C. 3.7 L 

D. 4.4 L 

A solution of NaOH is standardized by 
titration with 0. 100 N HC1. A total of 10.0 
mL of NaOH requires 1 1 .25 mL of HC1. 
What is the normality of the NaOH 
solution? 

A. 0.100 

B. 0.112 

C. 0.113 

D. 1.125 



*Note: A periodic table of the elements is located on p. 967. 
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6. How many milliliters of concentrated 
H 2 S0 4 (sp. gr. = 1.84 g/mL; 

assay = 97%) are required to prepare 
10 L of 0.1 NH 2 S0 4 ? 

A. 1.84 

B. 9.20 

C. 27.5 

D. 54.4 

7. How many grams of CaCl2 • 2H 2 0 must 
be used to prepare 500 mL of 10% 
anhydrous CaCl 2 ? 

A. 33.1 

B. 41.3 

C. 50.0 

D. 66.2 

8. What is the osmolality of a solution 
containing 5.85 g NaCl and 18 g glucose 
in 1 kg water? 

A. 0.2 

B. 0.3 

C. 0.6 

D. 0.9 

9. Physiologic saline solution is 0.85% 
NaCl. What is its osmolarity? 

A. 0.15 

B. 0.29 

C. 0.85 

D. 8.5 

10. Convert 70°F to degrees Celsius. 

A. 7°C 

B. 12°C 

C. 20°C 

D. 21°C 

11. A 5 N solution is diluted 1 :4. The resulting 
solution is diluted 4:15. What is the 
concentration in normality of the final 
solution? 

A. 0.25 

B. 0.33 

C. 2.5 

D. 3.0 



1 2. A colorimetric method calls for the use of 
0.1 mL of serum, 5 mL of reagents, and 
4.9 mL of water. What is the dilution of 
the serum in the final solution? 

A. lto5 

B. ltolO 

C. Ito50 

D. 1 to 100 

13. A solution of a colored substance that 
is known to follow Beer's law has an 
absorbance of 0.085 when measured in 
a cell 1 cm in length. Calculate the 
absorbance for a solution of twice the 
concentration measured in the same 
cell. 

A. 0.042 

B. 0.085 

C. 0.170 

D. 5.90 

14. In a spectrophotometric procedure that 
follows Beer's law, the absorbance of a 
standard solution of concentration 15 
mg/dL is 0.50 in a 1 -cm cell. The 
absorbance of the sample solution is 0.62. 
What is the concentration? 

A. 0.62mg/mL 

B. 6.2mol/L 

C. 12.1 mg/dL 

D. 18.6 mg/dL 

15. A stock standard solution of urea contains 
10 mg/mL of urea nitrogen. How much 
stock (in milliliters) is needed to prepare 
200 mL of a working standard containing 
20 mg/dL of urea nitrogen? 

A. 1 

B. 2 

C. 4 

D. 8 
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1 6. How many milliliters of a 50% v/v acetic 
acid solution are required to prepare 1 L 
of 5 % v/v acetic acid? 

A. 0.01 

B. 0.10 

C. 10 

D. 100 

1 7. How many grams of sulfosalicylic acid 
(mol wt = 254) are required to prepare 
1 Lof a3% w/v solution? 

A. 3.0 

B. 7.6 

C. 30 

D. 254 

18. A quantitative protein analysis is 
performed on an aliquot of a 24-hour urine 
specimen. The test indicates the presence 
of 1 .2% protein. If a total urine volume of 
2155 mL is collected, how many grams of 
protein are excreted in the 24-hour 
specimen? 

A. 0.056 

B. 2.6 

C. 25.9 

D. 258.6 

19. How many grams of H 2 S0 4 are required 
to prepare 750 mL of a 2 M solution? 

A. 36.8 

B. 73.5 

C. 98 

D. 147 

20. How many grams of NaOH are required to 
prepare 4 L of a 2 N solution? 

A. 40 

B. 80 

C. 160 

D. 320 



2 1 . How many milliliters of glacial acetic acid 
(mol wt = 60; assay = 99.7%) are 
required to prepare 2 L of a 5% v/v 
solution? 

A. 6 

B. 10 

C. 50 

D. 100 

22. How many grams of H 2 S0 4 are required 
to prepare 6 L of a 5 N solution? 

A. 245 

B. 294 

C. 490 

D. 1470 

23. How many grams of NaOH are required to 
prepare 2500 mL of a 4 M solution? 

A. 40 

B. 100 

C. 160 

D. 400 

24. An isotonic saline solution contains 
0.85% w/v NaCl. How many grams of NaCl 
are needed to prepare 5 L of this solution? 

A. 4.25 

B. 8.5 

C. 42.5 

D. 170 

25. How many grams of NaOH are required to 
prepare 500 mL of a 0.02 N solution? 

A. 0.4 

B. 0.8 

C. 4.0 

D. 8.0 

26. What is the normality of a 30% w/v H 2 S0 4 
solution? 

A. 0.31 

B. 0.61 

C. 3.06 

D. 6.12 



27. A serum chloride concentration is 
369 mg/dL. What is the concentration 
in milliequivalents per liter? 

A. 5 

B. 10 

C. 36 

D. 104 

28. A serum calcium level is 8.6 mg/dL. What 
is the concentration in millimoles per liter? 

A. 2.2 

B. 2.5 

C. 4.3 

D. 8.6 

29. How many milliliters of concentrated 
HN0 3 (sp. gr. = 1.42 g/mL; 

assay = 70%) are required to prepare 
2Lof0.15NHNO 3 ? 

A. 13.3 

B. 19.0 

C. 38.0 

D. 189.9 

30. With the use of concentrated HC1 
(sp.gr. = 1.19 g/mL; assay = 37.5%), 

3 L of 0.50 N HC1 are prepared. A total of 
16 mL of 0.20 N NaOH is required to titrate 
7 mL of the HC1 solution, indicating a lower 
normality of the acid solution than desired. 
How many milliliters of concentrated HC1 
must be added to the acid solution to attain 
an accurate 0.50 N HC1 solution? 

A. 6.40 

B. 10.53 

C. 101.03 

D. 105.33 

3 1 . A serum chloride concentration is 369 
mg/dL. What is the concentration in 
millimoles per liter? 

A. 5 

B. 10 

C. 36 

D. 104 
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32. How many milliliters of a stock solution 
of 20% w/v NaOH are required to prepare 
800 mL of a 2.5% v/v solution? 

A. 20 

B. 50 

C. 100 

D. 125 

33. How many milliliters of a 40% w/v NaOH 
solution are required to prepare 1.5 L of 
2 N NaOH? 

A. 0.3 

B. 3.0 

C. 30 

D. 300 

34. How many grams of anhydrous sodium 
sulfate (mol wt = 142) are required to 
prepare 750 mL of a 23% w/v solution? 

A. 2.3 

B. 106.5 

C. 172.5 

D. 230 

35. With the use of concentrated HC1, 2 L of 
0.20 N HC1 are prepared. On titration, it is 
determined that the normality is actually 
0.208. To correct this error, how many 
milliliters of deionized water must be 
added to the solution (10 mL used in 
titration process) to make an accurate 
0.20 N HC1 solution? 

A. 10.4 

B. 76.5 

C. 79.6 

D. 80.0 

36. A serum calcium level is 8.6 mg/dL. What 
is the concentration in milliequivalents per 
liter? 

A. 2.2 

B. 2.5 

C. 4.3 

D. 8.6 
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37. How many milliliters of a 5 N HC1 
solution are required to prepare 4 L of 
10% W/V HC1? 

A. 219 

B. 292 

C. 1460 

D. 2192 

38. A serum potassium level is 19.5 mg/dL. 
What is the concentration in milliequiva- 
lents per liter? 

A. 0.5 

B. 5.0 

C. 10.0 

D. 19.5 

39. An analysis for sodium is performed on an 
aliquot of a 24-hour urine specimen. A 
sodium value of 122.5 mmol/L is read 
from the instrument. What is the amount 
of sodium in the 24-hour urine specimen 
if 1540 mL of urine are collected? 

A. 79.5 

B. 188.6 

C. 1886.5 

D. 18,865 

40. With the use of concentrated HN0 3 , 4 L of 
0.50 N HN0 3 are prepared. On titration, it 
is determined that the normality is actually 
0.513. To correct this error, how many 
milliliters of deionized water must be 
added to the remaining 3.975 L of solution 
to make an accurate 0.50 N HNO3 
solution? 

A. 25.6 

B. 100.7 

C. 103.4 

D. 104.0 

41 . What is the pH of a 0.2 N acetic acid 
solution that is 1 % ionized? 

A. 0.703 

B. 1.699 

C. 1.703 

D. 2.699 



42. What is the ionic strength of a 0.2 M 
Na 2 S04 solution? 

A. 0.4 

B. 0.5 

C. 0.6 

D. 1.2 

43. A 1.0 mg/dL bilirubin standard 
(purity = 99.0%; mol wt = 584) is 
prepared by dissolving it in chloroform at 
25°C. Under these conditions, the molar 
absorptivity at 453 nm is 60,700. What is 
the expected absorbance of this standard 
solution? 

A. 0.104 

B. 0.607 

C. 0.962 

D. 1.039 

44. An enzyme assay is performed at 37°C, 
and absorbance readings are taken each 
minute for a total of 4 minutes. Given the 
following information, what is the enzyme 
activity in units per liter at 37°C? 



Absorbance 01) 
Readings 


Method 
Information 


0.204 A at 1 minute 


Reagent volume = 3.0 mL 


0.406,4 at 2 minutes 


Sample volume = 200 julL 


0.61 0/4 at 3 minutes 


Light path = 1 cm 


0.81 3 A at 4 minutes 


e 340 nm of 

NADH = 6.22 X 10 3 



A. 490 

B. 522 

C. 525 

D. 1307 



45. A patient weighs 175.5 pounds. What 
is the patient's weight expressed in 
kilograms? 

A. 8.0 

B. 38.6 

C. 79.8 

D. 87.8 

46. Convert 30°C to degrees Fahrenheit. 

A. 4°F 

B. 10°F 

C. 49°F 

D. 86°F 

47. A curie (Ci) is the quantity of radioactive 
material that exhibits 

A. 3.7 X 10 4 dps 

B. 3.7 X 10 7 dps 

C. 3.7 X 10 10 dps 

D. 3.7 X 10 10 dpm 

48. Each radionuclide has a unique half-life 
associated with it. Assuming an initial 
activity of 1 00%, through how many half- 
life periods must a nuclide pass to bring its 
activity down to less than 1%? 

A. 3 ' 

B. 7 

C. 10 

D. 100 

49. 125 I has a half-life of 60 days. At the end of 
1 80 days, what percent of activity would 
remain? 

A. 12.5 

B. 25.0 

C. 33.3 

D. 50.0 

50. How many grams of NaOH are required to 
prepare 500 mL of a NaOH solution with 
apH of 12? 

A. 0.02 

B. 0.2 

C. 0.4 

D. 2.0 
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5 1 . What is the relative centrifugal force (X g) 
of a centrifuge operating at 2500 rpm with 
a radius of 10 cm? 

A. 625 

B. 699 

C. 1250 

D. 6988 

52. A 10-mL class A volumetric flask has an 
accuracy of ±0.2%. Express the ±0.2% 
tolerance in terms of milliliters. 

A. ±0.002 

B. ±0.01 

C. ±0.02 

D. ±0.04 

53. A sample of deionized water is found to 
contain a lead concentration of 0.0 1 ppm. 
What is the equivalent concentration 
expressed as milligrams per deciliter? 

A. 0.01 

B. 0.001 

C. 0.0001 

D. 0.00001 

54. Because of a malfunction, a spectropho- 
tometer is able to show only the percent 
transmittance (%T) readings on its digital 
display. Convert 68.0%7to its correspon- 
ding absorbance. 

A. 0.109 

B. 0.168 

C. 0.320 

D. 0.495 

55. Which of the following correctly states the 
conditions required in using a colorimetric 
method based on Beer's law? 

A. Incident radiation should be mono- 
chromatic. 

B. Absorption of light by the solvent must 
be insignificant in comparison with 
absorption by the solute (the analyte). 

C. The solution must be sufficiently 
dilute to provide a linear relation 
between absorption and concentration. 

D. All the above 
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56. When one of two variable quantities 
changes as a result of a change in the other, 
the result is frequently presented in the 
form of a graph. Which of the following 
descriptions of a graph is correct? 

A. The x-axis is usually used to plot the 
independent variable. 

B. Different scales may be used for each 
of the two axes. 

C. Semilog paper uses a logarithmic scale 
for one axis and a linear, or Cartesian, 
scale for the other axis. 

D. All the above 

57. Primary standards used for analytical 
work should have what property? 

A. The substance must be available in a 
form not less than 99.95% pure. 

B. It should not be hygroscopic. 

C. It must be a stable substance that can 
be dried, preferably at 104-1 10°C. 

D. All the above 



58. Which of the following weighs the least? 

A. 0.1 ng 

B. 0.01 g 

C. 1.0 mg 

D. 1000 pg 

59. The OH" concentration of a solution is 

1 X 1 0" 6 . What is the pH of this solution? 

A. 0.6 

B. 6 

C. 8 

D. 14 

60. What amount of NaCl (mol wt = 58.5) is 
needed to obtain 50 mg CI? 

A. 19.6 mg 

B. 30.3 mg 

C. 50.0 mg 

D. 82.4 mg 
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by the International Union of Pure and Applied Chemistry. 
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Atomic weights in brackets are the masses of the longest-lived or most important isotope of radioactive elements. 
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The production of elements 1 1 6 and 1 1 8 was reported in May 1 999 by scientists at Lawrence Berkeley National Laboratory. 
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answers 



rationales 



B. A simple and universally applicable method 
for solving laboratory calculation problems is to 
read the problem with three questions in mind: 

1. What am I given? 

2. What do I want? 

3. What is the relation between no. 1 and no. 2? 
Given: the concentration of a solution in terms 

of grams per 500 mL 
Want: the concentration in terms of molarity (M) 
Relation: molality = moles per liter 
Calculation: A molar solution is one that con- 
tains 1 gram molecular' weight (usually 
called 1 mol) of solute per liter of solution. 
The gram molecular weight is the sum of the 
atomic weights. A table of atomic weights is 
used to detemrine that the gram molecular 
weight of KC1 = 39 + 35.5 = 74.5 g. 
Express the concentration of the given solu- 
tion (18.7 g/500 mL) in terms of grams per 
liter for easy comparison with molarity 
(moles per liter). 

18.7 g/500 mL - 18.7 g/0.5 L = 37.4 g/L 
grams 



moles = 



gram molecular weight 



37.4 

= 0.50 

74.5 

0.50 mol/L 



A solution that contains 18.7 g KC1/500 mL is 
0.50 M KCL 



A. To convert 10 mg of calcium per deciliter to 
millimoles per liter, proceed as follows. Calcu- 
late the milligrams of calcium per liter. 
10 mg Ca/dL = 10 mg/dL X 10 dL/L 

= 100 mg Ca/L 

Calculate the weight of 1 mmol of calcium. 

Mol wt of Ca = 40 g/mol = 40,000 mg/mol 
Thus, 1 mmol Ca = 40 mg Ca. 

Then convert 100 mg Ca to mmol Ca: 



100 mg/L 
40 mg/mmol 



= 2.5 mmol Ca/L 



Therefore, a concentration of 10 mg Ca/dL 
= 2.5 mmol Ca/L. 



0.50 M 
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B. To calculate how much NaCl is needed to 
prepare 100 mL of a standard solution of con- 
centration 135 mEq/L of Na, first consider how 
many equivalents of Na are present in a mole of 
NaCl. Find the molecular weight of NaCl. Note 
that the concentration is expressed in milliequiv- 
alents per liter (mEq/L), but the desired volume 
is 100 mL. 

Calculation: Because sodium has a valence of 
1, one mole of NaCl contains 1 Eq of Na. 
Molecular weight of NaCl = 23 + 35.5 
= 58.5 g. It follows that if 1 Eq of Na is 
present in 58.5 g NaCl, then 1 mEq of Na 
is present in 0.0585 g NaCl. There are 
135 mEq of Na present in 135 X 0.0585 
= 7.90 g NaCl. Therefore, a concentration 
of 135 mEq/L - 7.90 g NaCl/L. 
Let X equal the weight of NaCl in 100 mL of the 
desired solution. Then 



B. To solve questions involving standardization 
of an acid or a base by titration, bear in mind 
that at the endpoint of the titration, the number 
of equivalents of acid used will be the same as 
the number of equivalents of base used. There- 
fore, the following formula applies: 

Q x v x = c 2 x v 2 

where C x and V l are the concentration and vol- 
ume of HC1 needed to neutralize the NaOH solu- 
tion. The equation is set up below. 

(0.100 NHC1) (11.25 mL) - C 2 (10.0 mL) 
11.25 X 0.100 N 



Cn = 



10.0 



0.112 N 



X 



X _ 7.90 g 
100 mL ~ 1000 mL 
7.90 g X 100 mL 



1000 mL 



0.790 g NaCl 



4. 

C. Problems requiring the conversion of one 
concentration to another are conveniently solved 
by applying the formula 

C 1 X v 1 = C 2 X v 2 

where C x and V x are the concentration and vol- 
ume of the starting solution; C 2 and V 2 are the 
concentration and volume of the final solution. 
Thus to prepare 5 L of 70% alcohol from 95% 
alcohol, let C 1 and V x refer to the 95% alcohol, 
and let C 2 and V 2 refer to the 70% alcohol. 

95% X Vi = 70% X 5 L 



70 X 5L 
95 



= 3.7 L 
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6. 

C. To calculate how many milliliters of concen- 
trated H 2 S0 4 (sp. gr. = L84 g/mL, assay = 
97%) are required to prepare 10 L of 0.1 N 
H2SO4, first calculate the concentration of the 
concentrated sulfuric acid in terms of normality. 
Because the specific gravity is the weight of 
1 mL, it follows that 1 mL of concentrated sulfu- 
ric acid weighs 1.84 grams. The assay is 97%; 
that is, 97% of the 1.84 g is H 2 S0 4 . Therefore, 
1 mL of concentrated sulfuric acid contains 



97 
100 



X 1.84gH 2 S0 4 = 1.78gH 2 S0 4 



and 1 L of concentrated sulfuric acid contains 
1780 g H 2 S0 4 . To convert this concentration 
(1780 g/L) to normality, recall that a normal 
solution contains 1 gram equivalent weight per 
liter. A gram equivalent weight (g Eq wt) is the 
weight that will combine with or replace 1 g of 
hydrogen. Because H 2 S0 4 has two replaceable 
hydrogens, the 



gEq wtof H 2 S0 4 = 



mol wt 



98 
2 



49 g 



Therefore, the concentrated sulfuric acid, which 
is 1780 g/L, contains 



1780 g/L 



= 36.3 Eq/L 



49 Eq/L 

Hence its concentration is 36.3 N. 
Now the question becomes: How many milli- 
liters of 36.3 N H 2 S0 4 are required to prepare 
10 L of 0.1 N H 2 S0 4 ? Using the relation 
N 1 X Vi = N 2 X V 2 , let /Vj and V l be the con- 
centration and volume of the concentrated 
H 2 S0 4 and let N 2 and V 2 be the concentration 
and volume of the 0.1 N H 2 S0 4 . 

Ni X Vi = N 2 X V 2 
36.3 N X Vi = 0.1 N X 10 L 
0.1 X 10 L 



36.3 



= 0.0275 L = 27.5 mL 



Therefore, 27.5 mL of concentrated H 2 S0 4 are 
required to prepare 10 L of 0.1 N H 2 S0 4 . 



7. 

D. The problem requires the preparation of 500 
mL of 10% w/v CaCl 2 with the use of the hydrate 
CaCl 2 • 2H 2 0. First calculate how much CaCL, is 
needed: 500 mL of 10% w/v CaCl 2 contains 



500 mL X 



10 g 
100 mL 



= 50 g CaCl 2 



Then calculate how much CaCl 2 is present in 
CaCl 2 • 2H 2 0 by comparing molecular weights: 

molwtofCaCl 2 = 40 + 71 = 111 g 

mol wtof CaCL -2H 2 0 = 40 + 71 + 4 + 32 

= 147 g 

There are 111 g of CaCl 2 present in 147 g 
CaCl 2 • 2H 2 0; 50 g of CaCl 2 are present in 



147 



X 50 = 66.2 g CaCl 2 • 2H 2 0 

let X = grams 



111 

As an alternate method 
CaCl 2 • 2H 2 0 needed. 



X 



111 
147 

147 X 50 
111 



50 

X 

= 66.2 g 



Therefore, a total of 66.2 g CaCl 2 • 2H 2 0 are 
needed to prepare 500 mL of 10% w/v CaCL. 



ANSWERS & RATIONALES ■ 971 



8. 

B. Given: weights of NaCl and glucose dissolved 
in 1 kg of water 
Want: osmolality of solution 
Relation: osmolality = moles per kilogram 
of solvent times the number of particles into 
which solute molecules dissociate 
Calculation: Express the amount of each 
solute in terms of moles (grams per molecular 
weight) 



5.85 g NaCl 



18 g glucose = 



5.85 g 

58.5 g/mol 
18 g 



0.1 mol NaCl 
= 0.1 mol glucose 



180 g/mol 

Consider the dissociation of each solute. 

0.1 mol NaCl -> 0.1 mol Na + + 0.1 mol CI" 
Glucose does not dissociate appreciably. 

Number of Osmols = 
0.1 X 2 = 0.2 osmol NaCl 
+ 0J. osmol glucose 
Total 0.3 osmol in 1 kg H 2 0 
= 0.3 osmolal 



Osmolality = 



8.5 g/L 
58.5 g/mol 



X 2 = 0.29 osmol/L 



(\ 

B. Given: concentration in grams per deciliter: 

0.85% NaCl = 0.85 g/dL 
Want: concentration in osmolarity 
Relation: osmolarity = moles per liter times 
the number of particles into which the solute 
dissociates 

Calculation: molecular weight of NaCl = 
23 + 35.5 = 58.5 g/mol 
In dilute solution, NaCl is assumed to be fully 
dissociated; therefore, each molecule of NaCl 
will produce two particles, a sodium ion and a \ 
chloride ion. 

Osmolarity = 

mol/L X No. of particles/dissociate molecule 
g 

= — : — /L X No. of particles/dissociate 
mol wt molecule 

Convert to grams per liter: 

0.85 g/dL X 10 dL/L - 8.5 g/L 
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10. 



11. 



D. To convert 70°F to degrees Celsius, compare 
the size of Fahrenheit and Celsius degrees. 
There are 212 - 32 = 180 Fahrenheit degrees 
between the boiling point and the freezing point 
of water, respectively. There are 100 — 0 = 100 
Celsius degrees between the boiling point and 
the freezing point of water, respectively. There- 
fore, 180 Fahrenheit degrees equal 100 Celsius 
degrees. From the relationship 

°C - 0 _ 100 _ 5 
°F - 32 " 180 " 9 

two formulas may be derived: 



op = I o C x - J + 32 



and 

°C = (°F - 32) X - 

Thus using the relationship 

100 5°C 

1°F = = 

180 9 

it follows that 

70°F = 70-32 

= 38°F degrees above freezing 

5°C 



= 38 X 
= 21°C 



degrees above freezing 



B. When more than one dilution is carried out 
on a sample, the final concentration is the initial 
concentration multiplied by each dilution 
expressed as a fraction. If a 5 N solution is 
diluted 1:4 and then further 4:15, the final con- 
centration is: 



5N X 



= 0.33 N 



1 4 

- X — 
4 15 

The same principle applies in testing a specimen 
that is too concentrated to fall within the range 
of the test procedure. The specimen is diluted, 
the test repeated, and the result multiplied by the 
reciprocal of the dilution. Thus, if the specimen 
had to be diluted 1:10 (1/10) to fall within the 
range of the test procedure, the result would be 
multiplied by 10 (10/1) to give the correct value. 



12. 

D. To find the dilution of serum in a mixture, 
calculate the total volume. The total volume 
equals 0. 1 mL serum + 5 mL reagents + 4.9 mL 
water =10 mL. Therefore, the dilution of serum 
is 0.1 mL to 10 mL, or 0.1:10. Because dilutions 
are usually expressed as 1 to some number, mul- 
tiply both the serum volume (0.1) and the total 
volume (10) by a common factor of 10. Thus, the 
0.1:10 serum dilution may be expressed as 1 : 100. 



13. 

C. Beer's law states that A = abc; where 
A = absorbance, a = absoiptivity, b = light 
path in cm, and c = concentration of the absorb- 
ing compound. If a and b are constant, then A 
is directly proportional to c. Therefore, if c is 
doubled, then A also is doubled: 



0.085 A X 2 = 0.170 A 
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14. 

D. In any given photometric procedure, the 
length of the light path (= width of the cuvet) 
and the absoiptivity of the analyte are constant. 
Hence, if the procedure follows Beer's law, 
absorbance (A) is proportional to the concentra- 
tion (C). This can be expressed as a ratio: 

^unknown/ ^standard — ^unknown A^-standard 



X C s 



0.62 
0.50 



X 15 mg/dL = 18.6 mg/dL 



15. 



C. Problems requiring the conversion of one 
concentration to another can use the following 
formula: 



16. 

D. When starting with a percent solution, one 
may prepare a percent solution of a lesser 
concentration by using the following formula: 

Vi X %! = V 2 X % 2 

Substitute the given information of the problem 
in the preceding formula: 

1000 mL X 5% = V 2 X 50% 

1000 mL X 5 

50 2 
100 mL - V 2 

Therefore, 100 mL of a 50% v/v acetic acid solution 
are required to prepare 1 L of 5% v/v acetic acid. 
Add 100 mL of 50% acetic acid to the solvent, 
diluting with solvent to a final volume of 1 L. 



Ci X Vi = Co X Vn 



where C 1 and V } are the concentration and vol- 
ume of the stock solution. C 2 and V 2 are the con- 
centration and volume of the final solution. The 
units of concentration must be the same; there- 
fore, first convert 20 mg/dL to 0.2 mg/mL before 
solving the equation. 



(10 mg/mL) Vi 
0.2 

Vi = — 



= (0.2 mg/mL) (200 mL) 

X 200 mL 

— = 4 mL 



10 



17. 

C. Percent solution refers to a specific number 
of parts per hundred. The term "parts" refers to 
the weight of a solute in grams or the volume of 
liquid in milliliters. The term "hundred" refers to 
the final volume of 100 mL of solution or 100 g 
of solution. Thus percent solutions may be 
expressed as weight per volume (w/v), weight 
per weight (w/w), or volume per volume (v/v). 
Preparation of a weight per volume solution may 
be done as follows: 3% w/v sulfosalicylic acid 
= 3 g/dL (remember that 100 mL is equivalent 
to 1 dL). To find the number of grams needed to 
prepare 1 L, multiply by the required volume in 
deciliters as follows: 3 g/dL X 10 dL/L X 
1 L = 30 g. To prepare 1 L of a 3% w/v sulfosali- 
cylic acid solution, dissolve 30 g of sulfosali- 
cylic acid in deionized water (solvent) and dilute 
to a final volume of 1 L using a volumetric flask. 
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18. 

C. The urine sample contained 1.2% protein, 
which is equivalent to 1.2 g of protein per 
deciliter. Because the total urine volume is given 
in milliliters, it is necessary to express the vol- 
ume in deciliters so that the units of measure- 
ment correspond. This may be done by dividing 
the 24-hour volume in milliliters by 100, 
because there are 100 mL in each deciliter. The 
amount of protein excreted in the 24-hour urine 
specimen may now be calculated. 



Protein cone, 
in g/dL 



X 



urine volume 
in mL/24 hr 



100 mL/dL 



1.2 g/dL X 2155 mL/24 hr 
100 mL/dL 



= g/24 hr 



= 25.9 g/24 hr 



19. 



D. A 1 molar solution contains 1 mole or 1 g 
molecular weight of a solute in 1 L of solution. 
One gram molecular weight of H 2 S0 4 consists 
of 98 g. Thus 1 L of a 1 M solution contains 98 g 
of H2SO4, and a 2 M solution contains twice this 
amount or 196 g of H 2 S0 4 per liter. 



1 M H 2 S0 4 
2M H 2 S0 4 



98 g/L 

2 X 98 g/L 



196 g/L 



Thus to find the number of grams needed to pre- 
pare only 750 mL of a 2 M H 2 S0 4 solution, multi- 
ply by the required volume expressed in liters as 
follows: 



196 g/L X 



750 mL 
1000 mL/L 



= 147 g 



Therefore, 147 g of H 2 S0 4 are needed to prepare 
750 mL of a 2 M H 2 S0 4 solution. 



20. 

D. A one normal (1 N) solution contains 1 g 
equivalent weight of a solute in 1 L of solution. 
For a base, the equivalent weight is defined as 
that weight which combines with 1.008 g of 
replaceable hydrogen. One gram equivalent 
weight of NaOH consists of 40 g. Thus 1 L of a 
1 N solution contains 40 g of NaOH, and a 2 N 
solution contains twice this amount or 80 g of 
NaOH per liter. 



1 N NaOH 

2 N NaOH 



40 g/L 

2 X 40 g/L = 80 g/L 



Thus to find the number of grams needed to 
prepare 4 L of a 2 N NaOH solution, multiply by 
the required volume as follows: 80 g/L X 
4 L = 320 g. Therefore, 320 g of NaOH are 
needed to prepare 4 L of a 2 N NaOH solution. 
Prepare this solution by dissolving the 320 g of 
solute in solvent and bring to a final volume of 4 L. 



2L 

D. "Percent solution" refers to a specific number 
of parts per hundred. For a volume per volume 
solution, measure the volume of liquid solute 
required in milliliters and add solvent to a 
final volume of 100 mL of solution. Preparation 
of a 5% v/v CH3COOH solution may be done 
as follows: 5% glacial acetic acid = 5 mL/dL 
(remember, 100 mL is equivalent to 1 dL). Thus 
to find the number of milliliters needed to 
prepare 2 L of 5% CH 3 COOH, multiply by the 
required volume in deciliters as follows: 
5 mL/dL X 10 dL/L X 2 L = 100 mL. Thus 
to prepare 2 L of a 5% acetic acid solution, add 
100 mL of glacial acetic acid to deionized water 
(remember — always add acid to water) and dilute 
using a volumetric flask to a final volume of 2 L. 
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22. 

D. A 1 normal (IN) solution contains 1 g 
equivalent weight of a solute in 1 L of solution. 
For an acid, the equivalent weight is defined as 
that weight which is equivalent to 1.008 g of 
replaceable hydrogen. The gram equivalent 
weight may be determined by dividing the gram 
molecular weight by the positive valence. One 
equivalent weight of H 2 S0 4 equals 49 g, because 
the molecular weight of 98 g divided by the pos- 
itive valence 2 is 49 g. Thus 1 L of a 1 N solution 
contains 49 g of H 2 S0 4 , and a 5 N solution con- 
tains five times this amount or 245 g of H 2 S0 4 
per liter. 



1 N H 2 S0 4 - 49 g/L 
5 N H 2 S0 4 - 5 X 49 g/L 



245 g/L 



Thus to find the number of grams needed to pre- 
pare 6 L of a 5 N H 2 S0 4 solution, multiply by 
the required volume as follows: 245 g/L X 
6 L - 1470 g. Therefore, 1470 g of H 2 S0 4 are 
needed to prepare 6 L of a 5 N H 2 S0 4 solution. 



23. 

D. A 1 molar solution contains 1 mol or 1 gram 
molecular weight of a solute in 1 L of solution. 
One gram molecular weight of NaOH consists 
of 40 g. Thus 1 L of a 1 M solution contains 40 g 
of NaOH, and a 4 M solution contains four times 
this amount or 160 g of NaOH per liter. 

1 M NaOH = 40 g/L 

4 M NaOH = 4 X 40 g/L - 160 g/L 

Thus to find the number of grams needed to pre- 
pare 2500 mL of a 4 M NaOH solution, multiply 
by the required volume expressed in liters as 
follows: 



24. 

C. A weight per volume percent solution con- 
tains a specific number of grams (equivalent to 
the percent indicated) of solute per 100 mL 
(equivalent to 1 dL) of solution. An 0.85% w/v iso- 
tonic saline solution contains 0.85 g of NaCl per 
100 mL of solution. To find the number of grams 
needed to prepare 5 L of solution, multiply by the 
required volume in deciliters as follows: 
0.85 g/dL X 5 L X 10 dL/L - 42.5 g NaCl. 
Using a volumetric flask, prepare 5 L of an 
0.85% w/v NaCl solution by dissolving 42.5 g of 
NaCl in deionized water and diluting to a final 
volume of 5 L. 



25. 

A. A 1 normal solution contains 1 g equivalent 
weight of a solute in 1 L of solution. One equiva- 
lent weight of NaOH contains 40 g; thus, a 0.02 
N solution contains one-fiftieth of this amount, 
or 0.8 g of NaOH per liter. 

1 N NaOH = 40 g/L 
0.02 N NaOH - 0.02 X 40 g/L = 0.8 g/L 

Thus to find the number of grams needed to pre- 
pare 500 mL (0.5 L) of a 0.02 N NaOH solution, 
multiply by the required volume as follows: 
0.8 g/L X 0.5 L = 0.4 g or 400 mg. Therefore, 
0.4 g (or 400 mg) of NaOH are needed to prepare 
500 mL of a 0.02 N NaOH solution. 



160 g/L X 



2500 mL 
1000 mL/L 



- 400 g 



Therefore, 400 g of NaOH are needed to prepare 
2500 mL (2.5 L) of a 4 M NaOH solution. 
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26. 

D. When starting with a 30% w/v H 2 S0 4 solution, 
the normality of the solution may be calculated 
by employing the following steps: 



29. 
B. 



1 . Determine the molecular 
H 2 S0 4 : mol wt = 98 g. 

2. Find the g/Eq in 1 L of 1 N H 2 S0 4 solution: 
98 g/L 4- 2 Eq/L = 49 g/Eq = 49 g/L. 

3. Find the corresponding percent of a 1 N 
H 2 S0 4 solution: 49 g/L - 10 dL/L = 
4.9 g/dL - 4.9% w/v H 2 S0 4 . 

4. Find the normality of the 30% H 2 S0 4 solu- 
tion. Divide the stated percent by die percent 

30% - 4.9% = 



When starting with a concentrated HN0 3 
solution, a 0.15 normal solution may be pre- 
pared by employing the following steps: 

weight of A. Calculate the normality of the concen- 



of the 1 N H 2 S0 4 solution: 
6.12NH 2 S0 4 . 



27. 



D. To convert 369 mg/dL of chloride to mil- 
liequivalents per liter, use the following formula: 



mg/dL X 10 X valence 



mEq/L 



atomic mass 
For the problem presented, let 10 represent the 
number of deciliters per liter; 35.5 is the atomic 
mass of chloride, and 1 is the valence of chloride: 



369 mg/dL X 10 X 1 
" 35.5 



104 mEq/L 



trated HN0 3 solution. 

1. Multiply the specific gravity (expressed 
as grams per milliliter) by the assay 
(expressed as percent by weight) to find 
the number of grams per milliliter: 

1.42 g/mL X 0.70 = 0.994 g/mL 

2. To find the number of grams per liter, 
multiply by 1000 mL/L: 

0.994 g/mL X 1000 mL/L - 994 g/L 

3. To find the normality (equivalents per 
liter) of the concentrated HN0 3 , divide 
the grams per liter by the equivalent 
weight of HN0 3 : 

1 N HN0 3 = 63 g/Eq 
994 g/L - 63 g/Eq = 15.8 Eq/L 

= 15.8 N HNO3 

B. Calculate the number of milliliters of 
concentrated HNO3 needed to prepare 2 L 
of 0.15 N HNO3 using the formula 

V x X Ni = V 2 X N 2 . 



28. 



A. To convert 8.6 mg/dL of calcium to millimoles 
per liter, the following formula may be used: 



mg/L 



molecular mass 
For the problem presented: 

8.6 mg/dL X 10 dL/L 
40 



mmol/L 



-2.15 mmol/L 



2000 mL X 0.15 N 
2000 mL X 0.15 



V 2 X 15.8 N 

Vn 



15.8 

19.0 mL = V 2 

Thus 2 L of 0.15 N HNO3 are prepared by diluting 
19.0 mL of concentrated HNO3 to a final volume 
of 2000 mL. 



The calculated value of 2.15 mmol/L rounded to 
the nearest tenth gives the answer 2.2 mmol/L. 
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30. 



B. Because titration reveals that the normality 
of the HC1 solution is lower than the desired nor- 
mality of 0.50 N, it is apparent that concentrated 
HC1 must be added. Use the following formula 
to determine the actual normality of the acid 
solution: 

Vi X Ni = V 2 X N 2 

where V\ = 7 mL of the HC1 solution, N\ = 
actual normality of the HC1 solution, V 2 = 16 mL 
of the 0.20 N NaOH solution, and N 2 = 
0.20 N NaOH solution. 

1 . Find the actual normality of the acid 
solution: 

7 mL X N 1 = 16 mL X 0.20 N 

16 mL X 0.20 



N 



7mL 



N 1 = 0.457 actual N of HC1 solution 

2. Find the number of milliequivalents per 
milliliter lacking in the initial HC1 solution: 
0.500 mEq/mL- 0.457 mEq/mL = 0.043 
mEq/mL lacking. 

3. Find the number of milliliters of the 
initial HC1 solution remaining: 

3000 mL - 7 mL = 2993 mL remaining. 

4. Find the number of milliequivalents of 
HC1 that must be added to the remaining 
solution: 2993 mL X 0.043 mEq/mL = 
128.7 mEq required. 

5. Find the number of grams per milliliter of 
HC1 in concentrated HC1: 1.19 g/mL (sp. 
gr.) X 0.375 (assay) = 0.446 g HCl/mL 
of concentrated acid. It follows that there 
are 446 g HC1/L. 

6. Find the normality of concentrated HC1 
(Eq wt - 36.5 g): 446 g/L - 36.5 g/Eq = 
12.22 Eq/L, or 12.22 N, or 12.22 mEq/mL. 
Find the number of milliliters of concen- 
trated HC1 that must be added: 



7 



128.7 (mEq required) 
12.22 (mEq/mL in cone. HC1) 



10.53 mL 



Thus, 10.53 mL of concentrated HC1 must be 
added to the remaining volume of 2993 mL for a ' 
total volume of 3003.53 mL to prepare an accurate 
0.50 NHC1 solution. 



3L 

D. When the concentrations of the four serum 
electrolytes — sodium, potassium, chloride, and 
carbon dioxide — are expressed, the preferred 
terminology is an expression of the unit designa- 
tion as millimoles per liter (mmol/L). To convert 
from milligrams per deciliter to millimoles per 
liter, the following formula may be used: 



mg/L 



molecular mass 



369 mg/dL X 10 dL/L 
35.5 



mmol/L 



- 104 mmol/L 



32. 



C, When a dilute solution is prepared from a 
concentrated solution, the following equation 
may be used: 

Vi X Q(%) - v 2 x c 2 (%) 

For the stated problem let V 1 = milliliters of the 
20% NaOH solution, C { = the 20% NaOH solu- 
tion, V 2 = 800 mL of the desired 2.5% solution, 
and C 2 = the 2.5% NaOH solution. Using this 
information in the above equation: 



Vi X 20% 
Vi 



800 mL X 2.5% 
800 mL X 2.5% 

20% 
100 mL 



Thus, 100 mL of the 20% w/v NaOH solution are 
required to prepare a total volume of 800 mL of 
2.5% v/v NaOH. This may be done by diluting 
100 mL of 20% NaOH to a final volume of 
800 mL. 
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33. 



D. When one starts with a percent solution, a 
normal solution may be prepared by employing 
the following steps. 

A. Calculate the normality of the 40% w/v 
NaOH solution. 

1 . Find the number of grams in 1 equiva- 
lent weight of a 1 N NaOH solution: 

1 N NaOH = 40 g/Eq = 40 g/L 

2. Find the grams per liter in the 40% w/v 
NaOH solution: 

40 g/100 mL X 1000 mL/L = 400 g/L 

3. Find the normality of the 40% NaOH 
solution by dividing the number of 
grams per liter in the 40% NaOH solu- 
tion by the equivalent weight of NaOH: 

400 g/L 40 g/Eq = 10 Eq/L 

= 10N NaOH 



B. 



Calculate the number of milliliters of 
40 %w/v NaOH needed to prepare 1.5 L of 
2 N NaOH using the formula: 



V x X N\ 
1500 mL X 2 N 

1500 mL X 2 
10 

300 mL 



V 2 X N 2 
V 2 X 10 N 

v 2 



Therefore, 300 mL of 40% w/v NaOH are required 
to prepare 1.5 L of 2 N NaOH. Add 300 mL of 
40% NaOH to the solvent, diluting with solvent 
to a final volume of 1.5 L. 



34. 

C. A weight per volume percent solution con- 
tains a specific number of grams of solute per 
100 mL of solution. Preparation of a 23% w/v 
Na 2 S0 4 solution may be done as follows: 23% w/v 



Na2S0 4 = 23 g/dL. Thus to find the number of 
grams needed to prepare 750 mL, multiply by 
the required volume in deciliters, as follows: 



23 g/dL X 10 dL/L X 



750 mL 
1000 mL/L 



= 172.5 g 



To prepare 750 mL of a 23% w/v Na 2 S0 4 solution, 
dissolve 172.5 g of Na2S0 4 in solvent and dilute 
to a final volume of 750 mL. 



35. 

C. Because the normality of the HC1 solution is 
greater than the desired normality, this problem 
can be considered similar to that of preparing a 
dilute solution from a concentrated solution. 
Thus the following equation may be used to 
determine the new total volume required, and 
indirectly the amount of deionized water that 
must be added to the remaining volume, to 
achieve the desired normality: 

V x X N x = V 2 X N 2 

where V l = mL of the desired 0.20 N HC1 solu- 
tion, N l = 0.20 N HC1 solution, V 2 = 1990 mL 
remaining of the 0.208 N HC1 solution, and 
N 2 = 0.208 N HC1 solution. Using this infor- 
mation in the above equation: 



Vi X 0.20 N 
Vi 



1990 mL X 0.208 N 
1990 mL X 0.208 N 

0.20 N 
2069.6 mL 



Thus a new total volume of 2069.6 mL is required 
to make an accurate 0.20 N HC1 solution. To deter- 
mine the amount of deionized water that must be 
added to the remaining 1990 mL volume, find the 
difference between the new total volume and 
the remaining volume: 2069.6 mL - 1990 mL = 
79.6 mL of deionized water that must be added to 
the remaining volume of solution. 
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36. 



C. To convert milligrams per deciliter to mil- 
liequivalents per liter, use the following formula: 



mg/dL X 10 X valence 
atomic mass 



mEq/L 



For the problem presented, let 10 represent the 
number of deciliters per liter; 40 is the atomic 
mass of calcium, and 2 is the valence of calcium. 



8.6 mg/dL X 10 X 2 
40 



4.3 mEq/L 



37. 



D. When one starts with a 5 N HC1 solution, 4 L 
of a 10% w/v HC1 solution may be prepared by 
employing the following steps: 

A. Calculate the normality of the 10% w/v HC1 
solution. 

1 . Find the number of grams in 1 equivalent 
weight of a 1 N HC1 solution: 
1NHC1 = 36.5 g/Eq. 

2. Find the number of grams per liter in 
the 10% W/V HC1 solution: 
10% W/V HC1 = lOg/dL - 100 g/L. 

3. Find the normality of the 10% w/v HC1 
solution. Divide the number of grams 
per liter in the 10% solution by the 
equivalent weight of HC1: 

100 g/L - 36.5 g/Eq = 2.74 NHC1. 

B. Calculate the number of milliliters of 5 N 
HC1 needed to prepare 4 L of 10% w/v HC1 
using the following formula: 

Vi X N x = V 2 X N 2 
4000 mL X 2.74 N = V 2 X 5 N 



4000 mL X 2.74 N 

5N 2 
2192 mL = V 2 

Therefore, 2192 mL of 5 N HC1 are required to 
prepare 4 L of 10% w/v HCL Add 2192 mL of 5 N 



HC1 to the solvent, diluting with solvent to a 
final volume of 4 L. I — 



38. 

B. To convert milligrams per deciliter to mil- 
liequivalents per liter, use the following formula: 



mg/dL X 10 X valence 
atomic mass 



= mEq/L 



For the problem presented, let 10 represent the 
number of deciliters per liter; 39 is the atomic 
mass of potassium, and 1 is the valence of 
potassium. 



19.5 mg/dL X 10 X 1 

~ 39~ 



5.0 mEq/L 



39. 



B. The urine sample contained 122.5 mmol/L 
of sodium. Because the total urine volume is 
given in milliliters, it is necessary to express the 
volume in liters so that the units of measurement 
correspond. This may be done by dividing the 
24-hour volume in milliliters by 1000, because 
each liter has 1000 mL. The amount of sodium 
excreted in the 24-hour urine specimen may now 
be calculated. 



Sodium 
mmol/L 



X 



urine volume 
mL/24 hr 



1000 mL/L 
122.5 mmol/L X 1540 mL/24 hr 



= mmol/24 hr 



1000 mL/L 



- 188.6 mmol/24 hr 
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40. 

C. Because titration reveals that the normality 
of the HN0 3 solution is higher than the desired 
normality, it is apparent that the solution needs 
to be diluted. The following equation may be 
used to determine the new total volume required, 
and indirectly the amount of deionized water 
that must be added to the remaining volume to 
make the desired normality: 



Vi X tfi = Vo X Nn 



where V, = milliliters of the desired 0.50 N 

HN0 0 solution, 



HN0 3 solution, N 1 = 0.50 N ^ ^ 
V 2 = 3975 mL remaining of the 0.5 13 N HN0 3 
and N n = 0.513 N HN0 3 solution. 



solution, uiiu 

Using this information in the above equation: 



Vi X 0.50 N 

Vi 
Vi 



3975 mL X 0.513 N 
3975 mL X 0.513 N 

0.50 N 
4078.4 mL 



Thus, a new total volume of 4078.4 mL is 
required to make an accurate 0.50 N HN0 3 solu- 
tion. To determine the amount of deionized water 
that must be added to the remaining 3975 mL 
volume, find the difference between the new total 
volume and the remaining volume: 
4078.4 mL - 3975 mL = 103.4 mL of deion- 
ized water that must be added to the remaining 
volume of solution. 



4L 

D. The degree to which an acid solution disso- 
ciates determines the hydrogen ion concentra- 
tion and thus the strength of the acid solution. 
Because the dissociation of acetic acid is only 
1%, it is considered a weak acid. To calculate the 
pH of a 0.2 N acetic acid solution that is 1% 
ionized, proceed as follows: 

1. Find the hydrogen ion concentration with 
the following formula: 

[H + ] = N X % ionized 

[H + ] = 0.2 X 0.01 = 0.002 g H + /L 

2. Find the pH of this solution with the fol- 
lowing formula: 



pH = log- 



1 



pH = log 
pH 



1 



0.002 
2.699 



42. 



C. A solution of Na 2 S0 4 dissociates into two Na + 
ions and one SO4" ion. The ionic strength is 
governed by the concentration (moles per liter) 
of each ion present in solution and the ionic 
charges associated with each ion. To calculate 
the ionic strength, derive half the sum for all ions 
present when the concentration of each ion pres- 
ent is multiplied by its valence squared. For a 
0.2 M Na 2 S0 4 solution, proceed as follows: 



Ionic strength 



[0.2 X 2 X (l) 2 ] + [0.2 X (2) : 



Ionic strength = 0.6 
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43. 

D. The equation A = abc, where A represents 
the absorbance of a substance at a specified 
wavelength, a represents the absorptivity, b rep- 
resents the length of the light path in centime- 
ters, and c represents the concentration of the 
absorbing compound, is commonly referred to 
as Beer's law. When a 1-cm light path is used 
and the concentration is expressed in moles per 
liter, the constant a is replaced by the symbol s 
(epsilon), which is referred to as the molar 
absorptivity. The molar absorptivity is generally 
defined as the absorbance determined, at a spec- 
ified wavelength using a 1-cm light path, for a 
1 M solution of a pure substance. The equation 
becomes A = sbc. Use this formula to determine 
the absorbance of the 1.0 mg/dL (0.01 g/L) biliru- 
bin standard solution. The molecular weight of 
bilirubin is 584 and s is 60,700 at 453 nm using a 
1-cm light path. 

A = sbc 

A = (60,700) (1) (0.01 + 584) 
A = 1.039 

Thus, a 1 mg/dL bilirubin standard solution 
should have an absorbance reading of 1.039. 



44. 

B. Over the years, numerous units have been 
used to express enzyme activity, including the 
Bodansky unit, the Gutman-Gutman unit, and 
the Bowers-McComb unit. The introduction of 
the international unit (IU or U) brought a com- 
mon unit of comparison to enzyme assays. The 
International Unit is defined as the amount of 
enzyme activity that converts 1 |umol of sub- 
strate in 1 minute under standard conditions. The 
following formula is used to calculate enzyme 
activity. 

AA/min X 1000 X IT X 1000 X Tf 

~ 5 = U/L 

6.22 X 10 3 X LP X SV 1 

where AA/min is the average absorbance change 
per minute and 1000 converts milliliters to liters; 
TV is the total reaction volume and 1000 converts 
millimoles to micromoles; Tf is the temperature 
factor (1.0 at 37°C); 6.22 X 10 3 is the molar 
absorptivity of reduced nicotinamide-adenine 
dinucleotide (NADH) at 340 nm; LP is the light 
path in centimeters and SV is the sample volume. 
For the problem presented, determine the average 
AA/min and then substitute the given information 
into the equation. 



Absorbance (A) 
Readings 

0.204Aatlmin 
0.406 A at 2 min 
0.610 A at 3 min 
0.8 13 A at 4 min 



AA/min 

0.202 
0.204 



\ 



} 0.203 , 



Average 
AA/min 



0.203 



0.203 AA/min X 1000 X 3.2 mL X 1000 X 1 

6.22 X 10 3 X 1.0 X 0.2 mL 

= 522 U/L 
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45. 

C. A kilogram is approximately equal to 2.2 
pounds. A weight expressed in pounds may be 
converted to kilograms by dividing the weight in 
pounds by the conversion factor 2.2 as follows: 

175.5 lb - 2.2 lb/kg = 79.8 kg 



46. 

D. When converting Celsius to Fahrenheit 
degrees, remember that 1°C equals 9/5 °R Thus 
multiplying the temperature in degrees Celsius 
by 9/5 is necessary to express the temperature in 
the degrees Fahrenheit unit, and the addition of 
32 allows for adjustment to the Fahrenheit 
scale's zero point. To convert 30°C to degrees 
Fahrenheit, the following formula may be used: 

°F - (°C X 9/5) + 32 
°F = (30 X 9/5) + 32 
°F - 86 



47. 

C. Unlike most units of measurement used in 
chemistry, the curie (Ci) is a unit of measure for 
radioactivity that is independent of weight. The 
curie is defined as the quantity of radioactive 
material that exhibits 3.7 X 10 10 disintegrations 
per second (dps). Other terms frequently used 
refer to units of radioactivity of smaller dimen- 
sions than the curie. These are the millicurie 
(mCi), which exhibits 3.7 X 10 7 dps, and the 
microcurie ((iCi), which exhibits 3.7 X 10 4 dps. 



48. 

B. Each radionuclide has a unique half-life 
associated with it: 14 C = 5730 years; 3 H = 
12.3 years; 125 I = 60 days; and 131 I = 8.1 days. 
Because half-life refers to the percent of activity 
remaining after a specified time, it will be neces- 
sary for all radionuclides to pass through seven 
half-life periods in order to reduce the initial 
activity of 100% to less than 1%. The following 
example expresses this phenomenon: 

A n = A 0 (y 2 ) 7 



An 



ioo(y 2 ) 7 



A 7 - 0.78% 



49. 



A. The term "half-life" refers to the time 
required for the activity of a known amount of 
radioactive material to decrease to half of the 
initial activity. In a radioimmunoassay (RIA), 
this loss of activity is critical to the sensitivity of 
the assay. As activity decreases with time, the 
sensitivity of the assay will also decrease. In the 
problem presented, assume 100% activity origi- 
nally. Because 125 I has a half-life of 60 days, the 
lapse of 180 days represents three half-life peri- 
ods (3 tV 2 ), 180 days + 60 days/tV 2 = 3 V/ 2 . Use 
the following formula, where A n is the activity at 
the specified number of half-life periods. A 0 is the 
initial activity, and n is the number of half-life 
periods. 



a 3 - ioo(y 2 ) : 



12.5% 



Therefore, 12.5% of the initial activity remains 
at the end of 3 tV 2 . 
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50. 

B. For a strong base such as NaOH, dissociation 
into Na + and OH" is complete. Thus in terms of 
molality, the concentration of sodium ions equals 
the concentration of hydroxyl ions, which in turn 
equals the molar concentration of NaOH origi- 
nally present. Proceed with the problem for a 
solution of NaOH with a pH of 12 by finding the 
molar concentration of the hydroxyl ions. 

pH + pOH = 14 
12 + pOH - 14 
pOH = 2 

pOH = -log[OH"] 
2 = -log[OIT] 
[OH"] = 1 X 10" 2 = 0.01 mol/L 

Because 0.01 mol/L is the molar concentration 
of hydroxyl ions, it follows that the molar con- 
centration of NaOH is 0.01 mol/L. The follow- 
ing formula is used to find the number of grams 
required to prepare a 0.01 M NaOH solution 
(molecular weight of NaOH = 40). 



g/L 
mol wt 
X_ 
40 
X 



M 
0.01 

0.4 g/L = 0.2 g/500 mL 



Thus, 0.2 g of NaOH is required to prepare 
500 mL of a solution of NaOH with a pH of 12. 



5L 

B. By use of centrifugal force, a centrifuge 
effects the separation of substances of different 
densities. The most common use of a centrifuge 
in the clinical laboratory is the separation of 
serum or plasma from the blood cells. The use of 
the proper amount of centrifugal force with 
serum separator tubes is especially important. In 
order for a thixotropic, silicone gel to form a 
barrier between the serum and the cell clot, it is 
critical that the tube be centrifuged for a spec- 
ified time and with the specified centrifugal 
force. The following formula is used to calculate 
the relative centrifugal force (RCF) in terms of 
gravities (g), where 1.118 X 10" 5 represents a 
constant, r represents the rotating radius in cen- 
timeters, and rpm represents the rotating speed 
in revolutions per minute: 

RCF = 1.118 X 10~ 5 X r X (rpm) 2 
= 1.118 X 10~ 5 X 10 X (2500) 2 
= 698.75 

RCF - 699 X g 



52. 

C. Class A volumetric flasks are calibrated at 
20°C. Glassware that is designated as class A 
must meet the requirements of the National Insti- 
tute of Standards and Technology. The College of 
American Pathologists (CAP) requires that CAP- 
approved clinical laboratories use only class A 
glassware. A 10 mL class A volumetric flask that 
is accurate to ±0.2% has a tolerance of ±0.02 mL; 
10 mL X 0.2% = 0.02 mL = ±0.02 mL. Thus 
the capacity of a 10 mL flask is within the range 
of 9.98 to 10.02 mL. 
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v 53. 

: | B. The term "parts per million" (ppm) is a unit 
| of concentration that describes the number of 
| parts of a substance that are contained in 1 mil- 
lion parts of the solution. "Parts per million" 
refers to the number of grams of a substance in 
1 million grams of solution. To convert from 
parts per million to concentration, the following 
formula is used: 

— — X 1,000,000 = ppm 
y XmL 

In referring to parts per million, it is important to 
remember that the unit of measure may vary 
(e.g., milligrams, micrograms, or nanograms), 
provided that the relationship of some number of 
parts in 1 million parts is maintained. Therefore, 
it follows that to convert 0.01 ppm to mg/dL: 



mg 
X mL 


X 1000 


= ppm 


mg 
100 


X 1000 


= 0.01 




mg 


- 0 01 X ,00 
1000 




mg 


= 0.001 



Thus 0.01 ppm of lead is equivalent to 
0.001 mg/dL or 0.001 mg/100 mL. 



54. 

B. To convert 68.0 %T to absorbance (A), use 
the following formula: 

1 100% 
A = -log T = log- = log— — 
1 vol 

A = log 100 - log %T 

A = 2 - log %T 

A = 2 — log 68 

A = 2 - 1.832 - 0.168 



After determining absorbance values, they may 
be used in the Beer's law equation, A = abc, to 
determine concentration values. Absorbance and 
percent transmittance values may both be used 
to construct standard curves to determine con- 
centration values of unknown samples. 



55. 

D. Spectrophotometry analysis is based on 
Beer's law, which states that under appropriate 
conditions the concentration of a colored sub- 
stance in solution is directly proportional to the 
amount of light absorbed and inversely propor- 
tional to the logarithm of the transmitted light. 
The narrower the band of wavelengths of light 
used, the more closely is Beer's law followed. 
Because Beer's law applies only to absorption of 
light by the analyte, absorption by any other sub- 
stance, such as the solvent, would make the law 
inapplicable. Beer's law is applicable only to 
dilute solutions. Fluorescing compounds would 
add light to the system. A chemical reaction 
would change the concentration of the analyte. 
In either case, Beer's law would be inapplicable. 



56. 

D. When one of the two variable quantities 
changes as a result of changing the other, the 
result is frequently presented in the form of a 
graph. It is essential that the scale chosen for 
each axis of the graph be used consistently. For 
example, when using Cartesian graph paper 
where both axes are linear to plot spectrophoto- 
metric data (concentration versus absorbance), if 
1 cm represents a concentration of 10 mg/dL on 
the ordinate or horizontal x-axis, 1 cm cannot 
represent 100 mg/dL toward the end of the scale. 
Similarly, for the abscissa or vertical y-axis a 
uniform scale must be used (e.g., 1 cm repre- 
sents 0.1 absorbance units), but it need not be, 
and generally it is not, the same as the scale used 
for the horizontal axis, as illustrated by this 
example. 
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57. 

D. Primary standards are substances that react 
quantitatively with other analytes. The caliber of 
the analysis depends on the caliber of the primary 
standard. It is therefore essential that the primary 
standard available be at least 99.95% pure. The 
primary standard must not be hygroscopic to 
avoid errors in weighing caused by absorption of 
water. For accurate weighing, the primary stan- 
dard must be dry. Dryness is obtained in an oven 
at a temperature slightly above the boiling point 
of water. Hence the primary standard must be 
stable at 110°C. Because the primary standard 
should have a large equivalent weight and hence a 
large molecular weight, a relatively large amount 
will be needed to react with the analyte. The error 
inherent in weighing very small quantities is 
thereby avoided. 



59. 

C. A solution with an OH" concentration of 
1 X 10^hasapOHof6.ThepH + pOH = 14; 
therefore the pH is 8. The H + concentration 
of pure water is 10~ 7 and has a pH of 7. 



60. 

D. The molecular weight of NaCl is 58.5 
and the atomic weight of CI is 35.5. To change 
50 mg CI into an equivalent amount of NaCl, the 
answer must be greater than the amount of CI. 
The solution follows: 



50 mg CI X 



58.5 mg NaCl 
35.5 mg CI 



82.4 mg NaCl 



58. 

A. To solve this problem, all the values must be 
converted to a common unit. In metric measure- 
ment the gram is the primary unit for weight. The 
value 0. 1 ng is equal to 1 X 10~ 10 g, which is the 
lightest weight given. The gram relationships for 
the other values stated are 0.01 g = 1 X 10" 2 g, 
1.0 mg - 1 X 10" 3 g, and 1000 pg - 1 X 
10" 9 g. 
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